Serial liver function tests were performed in 29 adult patients following cardiopulmonary bypass for various open-heart procedures. In 22 patients there was a rise in serum bilirubin above 1 5 mg./100 ml., with clinical jaundice in 19 and bilirubinuria in 15 patients. The incidence of jaundice was related to age, the severity of pre-operative cardiac failure, and the duration of perfusion. Possible mechanisms for jaundice are discussed, and evidence is presented that liver damage may follow extracorporeal circulation.
At the Royal Perth Hospital in 1965 it was noted that some patients undergoing open-heart surgery developed jaundice with bilirubinuria. In order to determine the incidence and nature of this jaundice serial liver function tests were performed subsequently in all patients in whom extracorporeal circulation was used.
CLINICAL MATERIAL
Twenty-nine patients were studied. The average age was 34 years, the youngest being 14 Using the Starr-Edwards prosthesis, valve replacement was performed in 19 patients (see Table  I ). In nine patients surgery was undertaken for ' In receipt of a grant (V.103) from the National Heart Foundation of Australia correction of various congenital defects, while in one patient with spontaneous rupture of the mitral chordae tendineae mitral valvuloplasty was performed. (Beveridge, Carter, and Joske, 1963) . These tests were repeated on the first, second, fifth, and eighth post-operative days, and then every three days until the serum bilirubin had fallen below 15 mg./100 ml. In 19 patients samples of blood were taken during perfusion for estimation of the plasma haemoglobin content. On each day of the post-operative period a sample of urine was tested for bilirubin. Kirklin, 1965) . In 23 patients we modified this diluent by using 12 mEq sodium bicarbonate instead of T.H.A.M.
In the 27 patients in whom A.C.D. blood was used, epsilon aminocaproic acid was given by intravenous infusion in a total dose of 150 mg./kg. body weight (Kirklin, 1965) . Standard anaesthetic techniques were employed, including premedication with pethidine, 50-100 mg., promethazine, 25 mg., and atropine, 0-4 mg.; induction with thiopentone; intubation with suxamethonium; maintenance with D-tubocurare, nitrous oxide, and halothane; and during bypass halothane and hyoscine.
RESULTS
Unless otherwise specified, the results of biochemical tests given are the peak levels obtained.
The immediate pre-operative tests of liver function were normal in all 29 patients. Following operation there was a rise in serum bilirubin above 1-5 mg./100 ml. in 22 patients (76%), with clinical jaundice in 19 and bilirubinuria in fifteen. The elevation in serum bilirubin ranged from 1-7 to 22-0 mg./O00 ml., with a mean of 5-0 mg./100 ml. In 11 of these patients the maximum level of bilirubin ranged from 1-7 to 6-8 mg./100 ml. and was attained on the first post-operative day. The time of occurrence of the peak bilirubin level is shown in Table II . The duration of jaundice was proportional to the peak serum bilirubin level (see Fig. 1 ).
In nine patients there was an abnormal rise in alkaline phosphatase activity, ranging from 14-3 to 35-0 King-Armstrong (K.A.) units. In two (mg./100 ml.) (22 ranging from 1-7 to 12-0 mg./100 ml., have been arranged in five groups with similar peak levels, and the mean duration ofjaundice for each group has been calculated. patients the maximum level was greater than 30 K.A. units; one of these patients had active Paget's disease involving the ilium. Six patients with elevated alkaline phosphatase activity were clinically jaundiced and five showed bilirubinuria; the remaining three patients with levels of 16-2, 16-0, and 15-2 K.A. units showed maximal serum bilirubin levels of 10, 1 -1, and 1-8 mg./100 ml. respectively (see Table III ). Marked jaundice also occurred without elevation of alkaline phosphatase (Table III) .
Following operation there was a transient rise in S.G.O.T. above 40 Karmen units in all patients, and, whereas all patients showed a rise in S.G.P.T. activity, in only 18 patients was this above the upper limit of the normal range of 50 Karmen units. The maximum levels of S.G.O.T. and S.G.P.T. attained are shown in Table III . The elevation in S.G.O.T. was at its maximum within the first 48 hours after operation, a pattern similar to that seen in myocardial infarction. There was a bimodal distribution in the time of occurrence of the peak S.G.P.T. level (see Fig. 2 ). In 10 patients the peak S.G.P.T. level was attained on the first post-operative day, and in five of these patients the elevation was above 50 Karmen units. In 10 patients the peak level of S.G.P.T. occurred about the sixth day, and in nine of these 10 the elevation in S.G.P.T. was above 50 Karmen units.
In patients undergoing pulmonary infundibular resection the mean rise in S.G.O.T. and S.G.P.T. activity was greater than in those not requiring resection of muscle or coronary perfusion. For patients having aortic valve replacement the alteration in S.G.O.T. and S.G.P.T. was closely related to the adequacy of coronary artery perfusion (see Table IV ). Coronary artery perfusion was deemed adequate if during perfusion the heart remained beating and there were no electro- ischaemia (Clarke, 1965 (Table   IV) .
Clinical jaundice with bilirubinuria occurred in all seven patients with grade IV pre-operative cardiac failure. Clinical jaundice was present in five of the seven patients with grade III cardiac 2 4 5 6 7 8 9 10 failure, in six of the 10 classified as grade IT, and Day of peak enzyme level in one patient classified as grade I. There was a progressive increase in the mean peak serum In the majority ofpatients the peak S.G.O.T. level bilirubin level for each of the four grades of rained within thefirst 48 hours after operation, but cardiac failure (see Table V ). Two patients classi7as a bimodal distribution to the time ofdevelopment fied as grade II and one as grade I showed serum leak S.G.P.T. level.
bilirubin levels of 1 8, 18, and 1-7 mg./100 ml. sion, serum bilirubin, and bilirubinuria is shown in Table VII . The plasma haemoglobin level during perfusion showed no relationship to the degree of post-operative jaundice or the duration of perfusion (see Table III ). Clinical jaundice occurred in both patients in whom heparinized blood was used to prime the pump, and neither of these patients received epsilon aminocaproic acid. In all four patients in whom T.H.A.M. was incorporated in the A.C.D. diluent clinical jaundice developed, three showing bilirubinuria. There did not appear to be any significant relationship between the incidence of jaundice and the number of units of blood required to prime and 'top up' the pump (see Table VIII ). There were six hospital deaths (see Table III ). All six patients were clinically jaundiced, with peak serum bilirubin levels ranging from 2-8 to 81 mg./100 ml. (mean 5-4 mg./100 ml.). Jaundice was associated with bilirubinuria in five of these patients, and at necropsy all five showed microscopic centrilobular hepatic necrosis. It is of interest, but doubtful significance, that these five patients all received epsilon aminocaproic acid, whereas the sixth patient did not receive this treatment, and, although he was clinically jaundiced, there was no bilirubinuria and at necropsy no evidence of hepatic necrosis.
DISCUSSION
Kir,gsley (1966) studied 19 patients undergoing open-heart surgery with profound hypothermia and extracorporeal circulation. In all 19 patients there was a rise in serum bilirubin, and in 10 clinical jaundice. The present study has confirmed these findings, 22 out of 29 patients showing a rise in serum bilirubin above 1-5 mg. /100 ml. and 19 having clinical jaundice. The presence of bilirubinuria in 15 of the jaundiced patients suggests that in these patients the mechanism for excretion of conjugated bilirubin was deranged. Bilirubinuria was not present in the remaining seven patients with hyperbilirubinaemia; in three, the peak serum bilirubin level was less than 2-0 mg./ 100 ml., while four had clinical jaundice with serum bilirubin levels ranging from 2-6 to 3 9 mg./100 ml. If in these four patients hyperbilirubinaemia was mainly due to conjugated bilirubin, bilirubinuria would be expected. Therefore it appears that two mechanisms were responsible for hyperbilirubinaemia, one hepatic and the other haemolytic.
If intrahepatic or extrahepatic biliary obstruction was responsible for hyperbilirubinaemia, a correlation between serum bilirubin levels, bilirubinuria, and serum alkaline phosphatase might have been expected. No such correlation was evident (see Table III ). In four patients (cases 14, 17, 19, and 24, see Alteration of liver function and liver damage may follow cardiopulmonary bypass. Immediately after extracorporeal circulation in dogs there is depression of hepatic bromsulphalein extraction (Andersen, Norberg, and Senning, 1958 (Kingsley, 1966) . In dogs undergoing extracorporeal circulation there was no difference in the post-operative rise in S.G.O.T. whether profound hypothermia or normothermia was used (Dunlop and Curnow, 1962) .
In the present study liver cell damage did presumably contribute to the changes in S.G.O.T. and S.G.P.T., but myocardial cell damage must have played a part also. A myocardial contribution is suggested by the high S.G.O.T. levels in the patients with inadequate coronary artery perfusion and in the patient with inadvertent ligation of the left circumflex coronary artery. However, in four of these five patients the usual S.G.O.T.: S.G.P.T. ratio was reversed, the peak S.G.P.T. being greater than the peak S.G.O.T. Three of these patients (cases 25, 28, and 29) died in severe cardiac failure, and one (case 27) was re-explored because of a haemopericardium with cardiac tamponade. Hepatic venous congestion was present in these four patients, and this may have contributed to the marked elevation in S.G.P.T. In three other patients (cases 7, 18, and 23) the peak S.G.P.T. was greater than the peak S.G.O.T.; in two of these patients these changes remain unexplained, while the third (case 23) died in severe cardiac failure, and again hepatic venous congestion or hepatic anoxia may have been responsible for the elevation of S.G.P.T. The lack of organ specificity with S.G.O.T. and S.G.P.T. does not allow a quantitative estimate of the contribution of hepatic and myocardial changes.
Aberration of liver function tests may follow congestive cardiac failure (Felder, Mund, and Parker, 1950) . Congestive cardiac failure leads to anoxia of the centrilobular liver cells and may result in centrilobular hepatic necrosis (Calderon and Alexander, 1966) . Similar pathological changes were found in five of our patients at necropsy.
Although routine tests of liver function were normal prior to operation, severe cardiac failure predisposed patients to the development of clinical jaundice after cardiopulmonary bypass. Similar findings were reported by Kingsley (1966) . Age in excess of 50 years and a perfusion of more than 180 minutes were also invariably accompanied by clinical jaundice. It is conceivable that these factors, age, severity of cardiac failure, and duration of perfusion, have hepatic anoxia as the common pathway to the production of jaundice and liver damage.
The results of this study suggest that there are two and possibly three mechanisms in the production of jaundice after open-heart surgery-one, a hepatocellular mechanism, another, haemolysis, and the possible third, biliary obstruction. Further investigation is planned to elucidate this problem.
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